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ASPERGILLUS NIGER AS AN INDICATOR OF AVAIL-
ABLE PHOSPHORUS IN THE SOIL 
F. E. SCHLOTS, F. B. SMITH AND P. E. BROWN 
There have been numerous attempts in recent years to develop 
a method which would indicate accurately the phosphorus needs of 
the soil. Biological methods and chemical methods have been sug-
gested, but at some time or other all the methods have failed to 
give satisfactory results. '" 
Recently Niklas, Poschenrider and Trischler ( 3) used Asper-
gillus niger to indicate the phosphorus needs of the soil. They 
obtained quite satisfactory results by the method. Previously Brown 
and Smith ( 1) had found that the ability to assimilate phosphorus 
is rather common to molds, and according to Dox (2) Aspergillus 
niger requires phosphorus for its development. Hence, the growth 
of this mold should correspond to the amount of available phos-
phorus in the soil. 
In the work reported in this paper an attempt was made to 
compare the Aspergillus niger method with the Truog method ( 4) 
for determining the available phosphorus in the soil. 
A sample of Tama silt loam was taken for the work, thoroughly 
mixed and placed in 24 four-gallon pots in the greenhouse. The 
treatments of the soils are shown in table I. The soil was kept 
fallow and at approximately optimum moisture. Samples were col-
lected, dried and ground at the end of 6 and 12 weeks after treat-
ment. 
A culture of Aspergillus niger was grown in a 200 cc. Erlen-
meyer flask containing 60 cc. of a nutrient medium and 7 gms. of 
soil. The nutrient medium was made up as follows: sucrose, 10 per 
cent; citric acid, 1.0 per cent; ammonium sulfate, 0.6 per cent; 
peptone, 0.1 per cent; potassium sulfate, 0.012 per cent. The 
phosphorus necessary for growth was supplied by the soil. This 
medium was inoculated with a 1 cc. suspension of Aspergillus 
niger spores. The suspension was made in 500 cc. of sterile dis-
tilled water from a 5-day culture. The cultures were then in-
cubated four days at 35° C. and the mycelium was removed and 
weighed according to the procedure outlined by Niklas ( 3). The 
results are shown in table I. 
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The available phosphorus was extracted from the soil with 
0.002 N sulfuric acid and measured colorimetrically by the Deniges 
method as modified by Truog ( 4). 
Table I - The Growth of Aspergillus niger in Tama Silt Loam Under 
Various Treatments 
MILUGRAMS OF MYCELIUM 
TREATMENT* Growth Growth 
(6 weeks) (12 weeks) 
0 263.6 257.9 
L 272.4 287.8 
2L 302.5 285.6 
SP 297.4 261.5 
LSP 314.9 251.0 
2LSP 325.7 282.9 
Pe 249.8 241.2 
LPe 236.4 248.9 
2LPe 343.4 247.2 
RP 369.5 307.2 
LRP 387.9 350.5 
2LRP 388.1 346.6 
* Treatments : 
0 - no treatment 
L - 3 tons of lime 
2L- 6 tons of lime 
SP - 125 lbs. superphosphate; 25 lbs. P,Q, 
Pe - 80 lbs. rock phosphate; 25 lbs. p,Q, 
RP - 1000 lbs. rock phosphate 
Table II -Available Phosphorus in Tama Silt Loam Under Various 
Treatments According to the Truog Method 
TREATMENT 
0 
L 
2L 
SP 
LSP 
2LSP 
Pe 
LPe 
2LPe 
RP 
LRP 
2LRP 
PHOSPHORUS IN P.P.M. 
(6 weeks) (12 weeks) 
36.4 
39.0 
55.7 
39.7 
45.5 
54.2 
36.0 
52.0 
63.5 
91.4 
101.4 
100.8 
DISCUSSION 
69.1 
83.4 
66.1 
49.3 
54.9 
68.7 
49.0 
49.8 
55.2 
98.0 
101.0 
100.8 
The determinations made on the samples taken after 6 weeks show 
an increase in the weight of mycelium with increasing additions of 
lime to the soil. With the check soil 263.6 milligrams of mycelium 
were obtained. With the soil receiving 3 tons of lime, 272.4 milli-
grams and with that receiving 6 tons of lime 302.S milligrams of 
2
Proceedings of the Iowa Academy of Science, Vol. 38 [1931], No. 1, Art. 108
https://scholarworks.uni.edu/pias/vol38/iss1/108
1931] INDICATOR OF AVAILABLE PHOSPHORUS 305 
mycelium grew in the culture. One hundred twenty-five pounds of 
superphosphate applied to the soil led to an increase of 35.8 milli-
grams of mycelium over that obtained in the check. The soils 
receiving 3 tons and 6 tons of lime with superphosphate gave sim-
ilar results. In the soils receiving the phosphorus equivalent (that 
is, the amount of rock phosphate necessary to supply the same 
amount of P 20 5 as 125 pounds of superphosphate) either alone 
or with 3 tons of lime there was not as much growth as .with the 
check soil. However, with the soil receiving the phosphorus equiv-
alent with 6 tons of lime, more growth was produced than with 
the check soil. With all the soils receiving 1000 pounds of rock 
phosphate there was a marked increase in the growth of mycelium. 
Summing up the results at the end of the first 6 weeks, it appears 
that additions of limestone increased the growth of mycelium and 
phosphates brought about an additional growth. 
With the samples taken after 12 weeks, all the treatments with 
3 tons. of lime except where superphosphate was also applied led to 
increases in growth of Aspergillus niger. With superphosphate and 
3 tons of lime there was a decrease in growth. With the soil receiv-
ing 6 tons of lime and superphosphate there was an increased 
growth. The growth of Aspergillus niger with the soils receiv-
ing the superphosphate and phosphorus equivalent treatments 
was less than with the corresponding check soils receiving no phos-
phates. The difference may be due to phosphorus absorption by the 
soil and bacterial assimilation which locked the phosphorus up in a 
form unavailable for Aspergillus niger. 
Comparing the results with those secured by the Truog method, 
as shown in Figs. 1 and 2, there seems to be a rather close cor-
relation. With the sample taken after 6 weeks, the Truog method 
indicated that lime increased the availability of the native soil phos-
phorus and the applied phosphorus. After 12 weeks the method 
showed that applications of lime increased the availability of the 
phosphorus except where 6 tons of lime alone were applied where 
there was a decrease. 
If the Truog method is taken as a criterion of the availability of 
phosphorus in the soil the Aspergillus niger method apparently 
gives results which indicate quite accurately the availability of the 
element for plant use. 
It may be noted that with the Aspergillus niger method the 
nutrient medium contains 1 per cent citric acid. Apparently the 
citric acid extracts the available phosphorus from the soil for 
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Fig. 1. Correlation Between Growth of Aspergillus niger and Available Phosphorus by 
Truod Method at 6 Weeks. 
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Fig. 2. Correlation Between Growth of Aspergillus niger and Available Pdosphorus by 
Truog Method at 12 Weeks. 
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assimilation by the mold. This may explain why the Aspergillus 
niger method and the Truog method give similar results. 
The Aspergillus niger method. may be criticized as being c~mber­
some and more difficult to control than a strictly chemical method, 
but before reaching a final decision regarding its desirability a more 
intensive study should be made on it with different soils. It appears 
now that it may become very useful in working out complicated 
fertilizer relationships at least on certain soil types. 
CONCLUSIONS 
As a general conclusion it may be said that Aspergillus niger 
indicates changes in the availability of phosphorus in a soil and the 
method may possibly be calibrated for use on various soil types. 
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